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Originalia 
G. Jansen, B. Deddens, M. Wilkinson, D. van der Waaij 
The Influence of Enterococcus faecalis on the Morphology and the 
Antibody-Binding Capacity of the Intestinal Bacteria of Ten Healthy 
Human Volunteers 
Summary: The influence of Enterococcusfaecalis on the morphology of the bacterial cells 
which make up the gut microfiora and on the levels of circulating IgG bound to the gut mi- 
croflora was assessed. After 29 days of pretreatment monitoring, ten healthy human volun- 
teers ingested 107 viable cells of E. faecalis three times daily, for 21 days. After this treat- 
ment another 21 days of follow-up completed the study. Each volunteer delivered eleven 
faecal samples during the entire study period of 71 days with a 7 day interval. Before and 
after the faeces sampling period, blood samples were collected from all volunteers. The in- 
fluence of the ingestion of E. faecalis on the morphology of the gut microflora was meas- 
ured by image analysis. In addition, the binding of circulating IgG to intestinal bacteria in 
all intermediate faecal samples was measured by means of quantitative immunoflnores- 
cence. The oral administration of E. faecalis resulted in a significant change of the morpho- 
logical composition of the gut microflora and in a significant decrease in IgG-binding ca- 
pacity of the gut microflora. 
Introduction 
In 1989, Fuller defined probiotics as "a live microbial feed 
supplement which beneficially affects the host animal by 
improving its intestinal microbial balance" [1]. In this def- 
inition, no statement concerning the mechanisms by which 
the intestinal bacteria may exert their influence on the 
healthstatus ofthe host organism is included. Currently, a
substantial bibliography dealing with the concept of pro- 
biosis is available, especially fundamental ecological 
knowledge concerning the intestinal microflora [2-4]. Be- 
sides ecological effects on the gut microflora, probiotics 
may exert a modulation of the immune system of the host. 
After bacterial translocation [5] from the gut microflora to 
as far as the mesenteric lymph nodes and other lymphoid 
organs, a systemic immune response [6] may be induced. 
The use of Enterococcus spp. as a probiotic immunomod: 
ulator in humans seems attractive since Rusch et al, ob- 
served a significant decrease in the risk of infection asso- 
ciated with the oral intake of viable enterococci [7]. 
In this study, two questions will be addressed. Firstly, in a 
group of ten healthy human volunteers, does the oral in- 
take of 107 viable cells of E. faecalis three times daily, for 
21 days, result in a change in the morphological composi- 
tion of the gut microflora. Secondly, if upon such treat- 
ment a change in the morphological composition of the gut 
microflora is observed, isthis effect accompanied by an al- 
teration in IgG-binding capacity of the indigenous gut 
flora? 
The relevance of the first question follows from observa- 
tions of Meijer et al. who found a significant decrease in 
morphological diversity of the gut microflora fter ceftri- 
axone therapy [8]. Because antimicrobial chemotherapy is 
associated with a decreased colonization resistance [9,10], 
the morphological diversity of the bacteria present in the 
gut microflora may be regarded as indicative for the stabil- 
ity of the intestinal ecosystem. Therefore, although the 
morphological diversity bears no relationship to he phy- 
logenetic omposition of the gut microflora it can be used 
as a descriptive parameter of the stability of the gut micro- 
flora. Analysis of the morphological composition of the 
gut microflora was performed using the image analysis ys- 
tem and algorithms previously described [11] by Meijer et 
al. It should be emphasized that this method of analysis in- 
cludes both the culturable and non-culturabte fraction of 
the gut micro flora. Therefore, the information obtained 
with this method probably does not apply directly to the 
culturable fraction of gut microflora. 
The relevance of the second question is apparent since, in 
a previous pilot study, we observed a significant decrease 
in titres of circulating IgG directed against E. faecalis af- 
ter oral administration ofthis microorganism in a group of 
ten healthy human volunteers [12]. The difference be- 
tween the levels of IgG against he gut microflora in a se- 
rum sample obtained prior to the treatment and a serum 
sample obtained after the treatment may be indicative of 
changes in both the antigenic omposition of the gut mi- 
croflora and the IgG repertoire present in the circulation. 
Levels of circulating IgG bound to the bacteria of the gut 
microflora were measured by means of quantitative im- 
munofluorescence using a FITC-labelled goat anti-human 
F(ab')2 conjugate [13]. 
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Figure 1: Morphometrical plot of bacterial objects present in 
normal human faeces. Objects in the morphometrical region 
are represented as bacter!a instead of symbols. For reasons of 
clarity some bacteria are omitted. Each object is positioned ac- 
cording to its (F1 ,F2)-score. F1 and F2 are (independent) prin- 
cipal components. 
Materials and Methods 
Volunteers: Ten healthy human volunteers, eight male and two 
female, aged 22-61 years; entered this study after they had given 
written informed consent. This experiment was reviewed and ap- 
proved by the Medical Ethics Committee of the University Hos- 
pital Groningen. None of the volunteers had received antimicro- 
bial chemotherapy during the 2 months preceding the study, and 
no one had altered dietary habits in the same period. During the 
same period no volunteer showed any symptoms of gastrointes- 
tinal disorders. The only type of medication allowed during this 
study were contraceptive hormone preparations. 
Sampling and experimental design: The study had a sequential 
design. During a relatively long (i.e. 29 days) observation period, 
baseline values of the parameters under consideration were ob- 
tained for each volunteer. Consequently, each volunteer acted as 
his/her own negative control. The total study period lasted 71 
days. Per volunteer eleven faecal samples were collected with a 
7 day interval. Sampling was started on day 1. Consequently, a 
total of 110 faecal samples were Obtained. All faecal samples 
were stored at -20°C until processing. Before the sampling start- 
ed; each volunteer delivered asample of blood. After a pretreat- 
ment monitoring period of 29 days, E. faecalis was administered 
to all volunteers. The dosage regimen comprised an intake of 107 
viable cells of E. faecalis (Symbioflor I ®, SymbioPharm, Her- 
born-Dill, Germany) three times daily, for 21 days. Viability was 
confirmed by triplicate inoculation of 1 ml of a 104 to 101°-times 
diluted Symbioflor I®-suspension  sheep blood agar. Colonies 
were counted after 24 h of incubation at 37°C. 
After treatment another 21 days of follow-up completed the 
study period. Finally, at day 71, a second blood sample was ob- 
tained from each volunteer. In each faecal sample, the morphol- 
ogy of all faecal objects was measm'ed induplicate. Furthermore, 
for each volunteer, the binding of IgG present in the blood sam- 
ples to a person's own faecal samples was assayed in duplicate. 
The rationale for this design is that the first serum sample may 
contain - apart from a variety of other immunoglobulins - circu- 
lating IgG against he gut microflora of the untreated host. This 
serum, therefore, serves as a reference. Because the immunosup- 
pressive capacity of E. faecalis has previously been established 
[12], the second serum sample, which was obtained after treat- 
ment, may contain a partly different antibody repertoire. Conse- 
quently, this serum serves as an indicator for changes in the an- 
tibody binding capacity of the gut microflora. 
Serum: Blood samples were obtained by means of venous punc- 
ture and were maintained at room temperature for 1 h to ensure 
proper clotting. Thereafter, the blood samples were centrifuged 
in a centrifuge type TJ-6 (Beckmann, Palo Alto, California, 
USA) for 10 min at 1,490 x g. Finally, the serum was stored at 
-20°C in 0.2 ml aliquots. 
Preparation and analysis of the immunofluorescence slides: 
Though the preparation of immunofluorescence slides has been 
described previously [13], some improvements have been made 
prior to this study. Half a gram of faeces suspended in 4.5 ml 
demineralized water containing 0.5% Tween-80 (Merck, Darm- 
stadt, Germany) and homogenized on a vortex mixer for 2 min. 
Thereafter, the faecal suspension was centrifuged for 10 min at 
1,490 x g in a Beckmann TJ-6 and the supernatant was Collected. 
Twelve-well slides (Immunocor, Limogenes, France), were de- 
greased and cleansed by sonication in a Bransonic 32 (Branson 
Ultrasonics B.V., Soest, The Netherlands) for 10 min using a 3% 
(v/v) Teepol TM (Shell Chemistry N. V., The Netherlands) solu- 
tion. The slides were then coated with a10% (v/v) poly-L-lysine 
solution (Sigma Diagnostics, St. Louis, USA) to ensure proper 
adhesion of the faecal bacteria to the microscopic slide. Ten txl of 
the diluted faecal supernatant (1:25 in phosphate buffered saline 
(PBS) with pH 7.2 and a temperature of 37°C) was pipetted in 
two wells on the slide. After 10 min of drying at 37oc the slides 
were fixed for 10 min using a 50% (v/v) solution of ethanol in 
demineralized water. A fixative containing 50% (v/v) was chosen 
because fixatives with 70% (v/v) or 96% (v/v) ethanol increased 
the amount of debris in the microscopic field considerably. Al- 
though the debris is recorded under phase-contrast illumination, 
it did not emit any detectable light under ultra-violet illumina- 
tion. Thereafter, one well was incubated for 45 rain with 20 Ixl di- 
luted (1:10 PBS with pH 7.2 and a temperature of 37°C) refer- 
ence serum and the other well with the diluted indicator serum. 
Next, the slides were washed three times for 5 rain with PBS of 
37°C~ Then each well was incubated with 20 I~1 of a solution 
(1:1000 in PBS) of fluorescein isothiocyanate (FITC)-conjugated 
goat anti-human F(ab')2 IgG (Kallestad, Texas, USA) for 1 h at 
21°C in a dark, moist chamber. Finally, the slides were washed 
three times in PBS of 37°C and mounted with a cover slip and two 
drops of mounting fluid (glycerol/TrisHCL 50% (v/v) pH 8.6). 
Slides were stored at 4°C until further processing. The slides 
were read by an image analysis ystem which consists of an Or- 
thoplan epifluorescenee-microscope (Leitz, Germany) equipped 
with a Fairchild CCD 5000/1 camera (Loral Fairchild Systems 
Inc., Sunnyvale, California, USA). The camera is connected to a 
Compaq Deskpro 80486 microcomputer with 8 Mb RAM and a 
MVP/AT image processing board (Matrox Ltd., Quebec, Cana- 
da). Furthermore the system is equipped with a camera-exposure 
and UV-illumination control board [14] by means of which the 
CCD camera exposure time under UV-illumination was set at 
4.2 s. Using this exposure time, very low levels of emitted light 
could be quantified. Furthermore, the software used to control 
the data-acquisition process contains an optio  which enables 
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the operator (after visual confirmation) to discard objects from 
the analysis which are clearly not of bacterial origin. 
Morphometrical analysis of the faecal preparations: Three mor- 
phometrical parameters per faecal object (F1, F2 and F3) were 
calculated from a total of 1,500 to 3,000 objects per analysis. 
These parameters were previously derived by Meijer et al. [15]. 
F1, F2 and F3 are principal components which explain 98.9% of 
the morphometrical variability and which are independent. In
Figure 1 the F1,F2-scores of the bacterial objects present in a 
normal gut microflora re depicted. The diversity in the distribu- 
tion of the faecal objects in the FlxF2xF3-space is quantified by 
means of the morphometricat entropy (S). When the distribution 
of faecal objects over the FlxF2xF3-space is homogeneous, S be- 
comes large and when the majority of the faecal objects is con- 
fined to a small area of the FlxF2xF3-space, the value of S be- 
comes mall. For each faecal sample the value of S was assessed 
in duplicate. 
Fluorimetrical reading of the immunofluorescence slid s: The lev- 
els of IgG directed against he gut microflora were quantified. 
Levels of IgG were expressed as the natural logarithm of the me- 
dian fluorescence level of 1,500 to 3,000 FITC-labelled faecal Ob- 
jects minus the median fluorescence level of 1,500 to 3,000 unla- 
belled faecal objects. The logarithm was used to improve the nor- 
mality of the distribution f the fluorescence levels. Each serum 
was assayed in duplicate and PBS instead of serum served as a 
negative control. 
Results 
In Figure 2 the mean morphometrical entropy (S) in the 
population is plotted as a function of time. The shaded 
zone indicates the 95% confidence interval calculated 
from the 50 S-values obtained uring the first 29 days of 
the study period. Consequently, this interval accounts for 
the assay error, the interindividual differences and the lon- 
gitUdinal fluctuations of S. At day 50 and day 64 signifi- 
cantly lower values of S were observed. Visual examina- 
tion of F1,F2-plots of the gut microflora t day 50 and 64 
did not reveal a clear shift in morphology of the faecal ob- 
jects in these samples from the "rod"-area (large F1, small 
F2) to the "coccoid"-area (small F1, large F2). During the 
convalescence p riod fluctuations in S were large. The er- 
ror bars account for the assay error and the interindividu- 
al differences. From Figure 2 it can be seen that, during the 
pretreatment period, the variance (i.e. interindividual dif, 
ferences provided a constant assay error is assumed) is 
reasonably constant. This observation is indicative of a 
fairly constant distribution of S over the population. At 
day 43 and day 70, errors tend to be larger. The 
population's S at these days is therefore less reliable. The 
relatively small errors in the population's S at day 50 and 
at day 64 add to the reliability (and therefore the signifi- 
cance) of these aberrant S-values. 
In Figure 3 the course of the mean levels of circulating IgG 
bound to gut flora in the ten sera obtained before sampling 
(solid line) and in the ten sera obtained at the end of the 
sampling period (dotted line) are depicted. Comparing 
both patterns of IgG bound to bacteria of the gut micro- 
flora by means of Student's t-test indicates that significant 
(p<0.05) differences between the unchallenged sera 
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Figure 2: Mean morphometrical entropy (S) in a group of ten 
healthy human volunteers before, during arid after treatment 
with 107 viable cells of Enterococcus faecalis three times daily 
for 21 days. The treatment period is indicated by a solid bar. 
The shaded zone indicates the 95% confidence interval calcu- 
lated from all S-values obtained during 29 days of observation. 
Error bars represent the standard error of the mean. 
(which were obtained before faeces sampling) and the 
challenged sera (which were obtained after faeces sam- 
pling) appear on day 36 and on day 43 of the trial. Further- 
more, a significant (p<0.05) difference is observed at day 
64. During the pretreatment period, the mean levels of 
IgG bound to gut microflora in the challenged and the un-
1.5 
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Figure 3: Mean levels of circulating IgG against intestinal micro- 
flora in sera obtained before faecal sampling (solid line) and in 
sera obtained after faecal sampling (dotted line) in a group of 
ten healthy human volunteers. Treatment comprises 107 viable 
cells of Enterococcus faecalis three times daily for 21 days. The 
treatment period is indicated by a solid bar. Equally marked 
pairs of mean IgG-levels were found to differ significantly 
(p<0.05) when Student's t-test was employed. Error bars rep- 
resent the standard error of the mean. 
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challenged sera are indistinguishable. Also, the errors in 
these IgG-levels are of comparable magnitude. This find- 
ing implies that during the observation period no differ- 
ences in magnitude and distribution of levels of IgG bound 
to the gut microflora re detectable between both the chal- 
lenged and the unchallenged s ries of sera. The large er- 
ror in the levels of IgG directed against gut microflora in 
the challenged sera at day 36 and day 43 of the study peri- 
od implies that substantial interindividual differences 
were observed. Although no significant difference be- 
tween the levels of circulating IgG bound to the gut micro- 
flora between the challenged and the unchallenged sera 
could be detected at day 50, 57 and 71 the difference in lev- 
els of IgG between the challenged sera remains lower than 
in the unchallenged sera during the entire convalescence 
period. During the follow-up period, the errors in the lev- 
els of IgG directed against he gut microflora between 
both the challenged and the unchallenged sera were de- 
creased to a size comparable to their original (i.e. pretreat- 
ment) value. 
Discussion 
When describing the morphology of the gut microflora, 
the morphometrical entropy (S) is a rather insensitive pa- 
rameter. This becomes obvious when one realizes that half 
a gram of faeces contains over 1011 bacteria, While only 
1,500 to 3,000 bacteria are evaluated in the analysis. 
Therefore itwas remarkable that a small but significant ef- 
fect in S was observed (Figure 2). The low sensitivity of S 
as a descriptive parameter of the morphology of the gut 
microflora may account for the observation that the first 
significant decrease of S was recorded after 21 days of 
treatment. In other words, although it cannot be conclud- 
ed from these data, ecological disturbance may already 
have been in progress for some time before it was detect- 
ed. 
Secondly, the effect of the treatment comprises a decrease 
in S. This may seem contradictory since removal of some 
parts of the gut microflora - e.g. after antibiotic treatment 
[8] - results in a decrease of S, while in this study the gut 
microflora was supplemented with enterococci. Consider- 
ing the relatively small number of enterococci adminis- 
tered, it seems unlikely- that the addition of coccoid shaped 
bacteria ccounts for the decrease in S.The observed ef- 
fect is probably caused by secondary ecological distur- 
bances following the oral feeding of E. faecalis into the in- 
testinal ecosystem. However, it needs to be emphasized 
that on the basis of the morphometrical nalysis of the gut 
microflora, no conclusions regarding bacterial species may 
be drawn. 
In Figure 3, the solid line functions as a reference tem- 
plate, indicating the mean binding of circulating IgG (us- 
ing sera obtained prior to treatment of the host with E. fae- 
calis) with the gut microflora of ten healthy volunteers 
during 11 consecutive weeks. The dotted line indicates the 
IgG binding capacity of the same series of faecal samples 
using sera obtained after sampling. 
In a previous tudy [12] a significant lowering of the level 
of circulating IgG against E. faecalis after oral treatment 
with this strain was observed. Therefore, it is obvious that 
the treatment results in a - parti~illy - altered IgG-reper- 
toire, at least with respect o the fraction of IgG directed 
against E. faecalis-related antigens. Because also an influ- 
ence of the treatment on the morphological composition 
of the gut microflora sec is recorded (Figure 2), it is clear 
that the effect depicted in Figure 3 is due to at least two 
fundamentally different processes. 
However, the differences between IgG-binding capacities 
obtained with challenged and unchallenged serum within 
each faecal sample appear to be significant at day 36, 43 
and 64. These differences can only be due to differences in
IgG repertoire between each pair of sera (both challenged 
and unchallenged) because the underlying antigenic sub- 
strate (the gut microflora) is identical for each pair of se- 
ra. The data obtained in this study demonstrate hat the 
suppressive effect of the E. faecal& strain on the levels of 
circulating IgG does extend to other- gut microflora sso- 
ciated - antigens. This effect clearly results from the treat- 
ment and is probably not due to extensive changes in anti- 
genic composition of the gut microflora because the mean 
IgG-binding capacity of the gut microflora, using the un- 
challenged sera, remains fairly constant over the entire pe- 
riod of study. The mechanism responsible for this decrease 
in binding IgG against bacteria of the gut microflora is not 
clear from these data. 
In conclusion, oral treatment with 107 viable cells of E. fae- 
calis three times daily for 21 days lowers the morphologi- 
cal diversity of the gut microflora. The bacterial ecosystem 
which inhabits the digestive tract is therefore probably 
.more easily colonized by (potentially) pathogenic bacte- 
ria. This clearly is a non-probiotic effect. On the other 
hand, the treatment effectuates a lowering of the IgG- 
binding capacity of a myriad of antigens beside those re- 
lated to the Enterococcus strain itself. This effect may be 
responsible for the anti-inflammatory effect which was ob- 
served earlier by Rush et al. [7]. We therefore conclude 
that the probiotic potential of this strain probably lies in its 
immune modulating capacity and not in its - presumed - 
stabil~ing effect on the gut microflora itself. 
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Zusammenfassung: Einflufi yon Enterococcusfaecalis uf die 
Morphologie und Antik6rper-Bindungskapazitiit der Darm- 
bakterien von zehn gesunden freiwilligen Probanden. Der 
EinfluB yon Entetvcoccus faecalis auf die Morphologie der 
Bakterienzellen der Darmflora und auf die Bindungsf~higkeit 
yon IgG an die Darmflora wurde bestimmt. Nach 29 Tagen 
Beobaehtungs-Vorphase nahmen 10 freiwillige gesunde Ver- 
suchspersonen 21 Tage ling dreimal t~iglich 107 lebende Zel- 
len von E. faecalis ein. Die Studie wurde nach einer weiteren 
Beobachtungszeit von 21 Tagen beendet. Wfihrend der ge- 
samten Studienphase yon 71 Tagen lieferte jeder der Proban- 
den 11 Stuhlproben i siebent~gigen Abst~inden ab. Vor und 
nach der Gewinnung der Stuhlprobe wurden yon allen Pro- 
banden Blutproben entnornmen. Der Einflug der Einnahme 
von K faecalis auf die Morphologie der Mikroflora des Dar- 
rues wurde durch Bildanalyse b urteilt. Zus~tztich wurde die 
Bindungsf~ihigkeit yon Serum-IgG an die Darmbakterien bei 
allen Stuhlproben der mittleren Studienphase mittels quanti- 
tativer Immunfluoreszenz bestimmt. Die orale Applikation 
yon E. faecalis fiihrte zu einer signifikanten Ver~inderung tier 
Zusammensetzung derDarmflora gemessen an ihrem mor- 
phologischen Erscheinungsbild. Zugleich nahm die F~higkeit 
der Darmflora zur Bindung von IgG signifikant ab. 
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